Burroughs Corporation €) 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


REV | REVISION ApEEOUED BY 
LTR JISSUE DATE ney 


D 7/17/78 


B1800/B1700 FORTRAN S-LANGUAGE | P.S. 2201 673 


PRODUCT SPECIFICATION 


REVISIONS ~ 


1-3 Added QSSW to list of Privileged Instructions, 


Changes for MARK VIII.O Release 


**THE INFORMATION CONTAINED IN THIS DOCUMENT IS CONFIDENTIAL AND PROPRIETARY TO BURROUGHS 
CORPORATION AND [S NOT TO BE DISCLOSED TO ANYONE OUTSIDE OF BURROUGHS CORPORATION WITHOUT 
THE PRIOR WRITTEN RELEASE FROM THE PATENT DIVISION OF BURROUGHS CORPORATION" 4 


emm 4060648 ao * 


TCw1 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 


COMPUTER SYSTEMS GkOLP BL@00/31700 FORTRAN S=LANGUAGE 
SANTA BARSARA PLANT Pe. Se 2201 6737 (0) 


TABLE QE CONTENTS 


INTRODUCTION , . » ” a * » * * se ® @ » * 2 e *e @ . ) id e * e Cy 
DEFINITIONS AND ABBREVIATIONS 
PRIVILEGED INSTRUCTIONS e » o bd » * * *» s . * * ° e e o 
STRUCTURE 
PROGRAM PARAMETERS ® * ae * = * e e Ld] a * . * * 2 «@ *® ° * 
FORTRAN ADDRESSING 
FORTRAN STACK * * «a cy » « ° ” * e * . “ * * ° * a e e 
SUBROUTINE LINK AGE 
PARAMETER PASSING « « « 0 *« © © © © © © 4 
STACK OVERFLOW*UNDERFLOW “MANAGEMENT 
ARRAY SOUNDS .« «© «© © © © »@ © © © © © © © © © © © © 8 
FORMATS 
STACK FORMAT «0 «© © «© «© © © » © eo @ © © © ew we ee ew lel 
Address Formats 
Simple Variable Address « « « « © « = ©» «© © © @© # «@ 
Array Address 
—Stack"Retlative Address 2. 2. . 6 «© © © © © © © © @ 2 
Code Address 
Mark~"Stack Address .« « « © = © =» © © ss e@ © © ow 
Return Controt Address . 
VALUE FORMATS oe ~s * = iad dl 7°. * » a * * ® * s . a @ Ld *- e e 
Integer 
Real » © © © © © © © © © © © © © © © © &@ © © © @ @ 
Double Precision 
Uninitialized .« © « « « «© © © © © © «© © © © © «© @ e@ 
SeINSTRUCTION FORMATS 
OPERAND FORMATS 2 * s *» - 2. LI] e * » a * es ® a a a ® » . 
S“ INSTRUCTIONS 
LISTING BY INSTRUCTION 2. «@ »» #8 © *® #@® &@ &© ©» @ - . e © o »® 
LISTING BY MNEMCNTC 
LISTING BY OPERATION- CODE VALUE ese: “el we. Gas Ue a ee Ser 
ThreeBit Cperation Codes | 
Nine-Sit Operation Codes 2. « «© « «© © «© © © © © © © 
DESCRIPTIONS 
Arithmetic Operators 2 «© © © © © © #» © © # @© © © @ 
ASSOLUTE VALUE CABS) 
ADD { ADD) c ® e e se e * ” * * s * ” ® *» ® * e Li 
SUBTRACT (SUB) 
MULTIPLY (MUL) « «© 20 © © © ew we eo ew eo eo te ew ee 


oaes-eé@ 6 68 @ @ &@ 8 8 8 8 
NSN SNOW ON UOU UW pe ee HOU OR WO Rt oe me ee OO ee ese te ND 


a a oe 


SK LSS PPP KES TWN AND NA WW Be WR NINN ONIN 0 ee om 
‘ 


DIVIDE (91V)d 4-7 
DOUBLE CDBLE) e ® e a ° oo @ e« 2» e >. * a e oe @ & 8 
FIX (FIX) 4-86 


FLOAT (FLOAT) -_ *#® #© © © © © @ @ © © #© &© @ @ © 479 
MAXIMUM (MAX) 4-9 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


MINIMUM CMIN)D «2. 2 «© @ «© 
NEGATE (NEG) 

Branching Operators « « «© « e 
ARITHMETIC TF CAF) 
COMPUTED GO TO (CGO) . 
OYNAMIC BRANCH (DACH) 
GOTO (GOTO <COd0¢ 

Logical Operators 
AND € AND) and OR (COR). 
COMPLEMENT CNOT) 

RPedational Operators ee « « « 
CQUAL CEQ) 

NOT EQUAL (NE) « « «© 2 
GREATER THAN (GT) 


* 


ADDRESS>) 


GREATER THAN GR EQUAL (GE) 


LESS THAN (LT) 

LESS THAN OR EQUAL CLE) 
Store Operators 

STORE DESTRUCTIVE CSTO) 


= 


STORE NONDESTRUCTIVE CSTAD) 


MOVE (MOVE) = = oo = e a 
Operators 

LOAD ADDRESS (LAD «2 « 
LOAD VALUE (LV) 

ARRAY LOAD ADDRESS CALA) 
ARRAY LOAD VALUE CALY) 


Load 


CONSTRUCT ARRAY DESCRIPTOR 


* 


* 


* 


* 


(CAD) 


TC#2 


COMPANY CONFIDENTIAL 


Pp 


Se 


81800731700 FORTRAN S-LANGUAGE 


2201 6737 (€D) 


CONSTRUCT STACK RELATIVE POINTER CCSIP) 


LOAD SMALL INTEGER (LSI) 


« 


* 


LOAD SINGLE PRECISION LITERAL CLIT) 


MAK TWO (MAKZ) 2 «© «© «& «@ 
Subroutine Catt Operators 
SUBROUTINE CALL (CALL) 


RETURN VALUE AND EXIT CRINV). 


RETURN CRTND 2 2 ° 


COMPARE PARAMETER ATTRIBUTES (CPA) 


MARK STACK (MKS) « « « 


SPECIAL MARK STACK CSHKS) 
STATEMENT FUNCTION LINKAGE CSF) 


Misceltaneocaus 


» 


MULTEPLY BY LETERAL AND ADD CMLA) 
DECREMENT@MULITPLY“ADD PARAMETER CDMAP) 


DEPRESS THE STACK 


TO MEMORY CDPRS) 


* 


* 


* 


* 


DUPLICATE“ONE CDUPL) and i THO (DUP2) 


EXCHANGE €XCH) « «2 «© « 
CHECK TYPE (CKT) 
HAROWARE MONITOR CHMON) 
SENSE SWITCH CSSW) 
DESCRIPTIONS FOR I/70 COMPTLER ONLY 
COMMUNICATE (COMM <FIX.~BTT>) 


» 


* 


* 


* 


hei 
4-10 
K-11 

“11 
4-11 
4-12 
4-12 
4-14 
4714, 
4-14 
4-15 
4°15 


Sle >) 


6-15 
415 
bois 
4-15 
4°16 
4-16 
4-16 
4-17 
4-18 
4-18 
4-19 
47-20 
4=20 
4-21 
b-21 
4-22 
4-22 
4-28 
4-2 
4-24 
4-25 
4-25 
4-26 
4-27 
4-27 
4-28 
4-29 
4-29 
4-29 
4-30 
4~ 30. 
4-3 
4-31 
4-32 
4-32 
4=33 
4-33 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


EXTRACT FIELD CXTRF) « « 


TO*3 

COMPANY CONFIDENTIAL 
Ble8coO/81L700 FORTRAN S“LANGUAGE 
P. Se 2201 6737 CD) 


a id a * o « = * » ® bd J e 4n~ 3h 


LOAD BITS (L008) 4~ 34 
LOAD BYTE (L093). Sw & Se ceed: SSM we wm ea, GRSS 
LOAD COMMUNICATE PEPLY (LDCR) 4-35 
STORE BITS CSTOB) . 2 eo 0 ww ew ww ww ww ww ww F386 
STORE CHARACTERS (5TC) 4-37 
WRITE INTEGER DIGITS CWID) 2. 2 2 ew ew we ew ww 4B 
pS yO03 (QDS) 4-39 


a | 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP BlB800/B1700 FORTRAN S-LANGUAGE 
SANTA BARBARA PLANT Pe Se 2291 6737 (D) 


INTRODUCTION 


Every Fortran S-langquage program has a base reyister and a timit 
register. The area between the addresses in these registers is 
used as data space onty. Code segments are stored dy the MCP at 
any avaitable memory tocation. The data space inctudes a 
non"overftayable area» which contains the evaluation stack» and 
another area containing overtayabtle data. The overlayable area 
may contain more than one data segment. 


Various parameters required by the MCP and interpreter are stored 
beyond the Limit register in the run structure nucleus. 


A typical Fortran orogram tayout in memory is shown in Figure 
| ae a 
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Figure 1-1: Typical Memory Layout 
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DEFINITIONS AND ABBREVIATIONS 


The foltowing d2finitions and abbreviations are used throughout) 
this specification: 


Mark-Stack Word (MSW) A $6-cit word in the | stack 
. containing the is-bit 
base-relative value of the 

previous return control register, 

concatenated . with the 

basetretative v at ue of the 


previous mark=stack register. 


Mark=Stack Register (CmMSR) Contains the stack address of the 
. Latest MSW on the stack. 


Iten Refers to dogical entities on the 
i Stack. An item consists of one 
or two words and has a type 
€@egen address» integere reali or 
double precision) associated with 
it. 


Next*Instruction Pointer (NIP) Points to the next instruction to 
be executed. 


Return Control Word CRCW) Contains the segment and 
displacement of the instruction 
following the current subprogram 
cali. The vatue 35 a 10-bit 
segment number concatenated with 
an L8-bkit displacement. These 28 
baits are right-justifted in the 
36"bit worde 


Return Controt Register (RCRD Points to the St ack word 
containing the latest RCW. 


top-oF-Stack ctosi Represents the item most recently 
| placed on the stack. 


TOP“OF“STACK=MINUS“CNE CTOS“1) Represents the second most 
recently placed item. 


word Is 36 bits tong and has no 
. intrinsic "fogicat” meaning. 
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PRIVILEGED INSTRUCTIONS 


The following Svtinstruttions are privileged and may be generated 
only by an 1/0 compiter. They are intended for use in writing 
instrinsics. Data input to them is not necessarily checked for 
validity: it is the Fortran programmer*s respansibility to give 
valid parameters. 


COMM 
CSRP 
LO8 
LDCR 
LODB 
QDS 
QSSW 
$Tc 
STOP 
WwItD 
XTRE 
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2TRUCTURE 


PROGRAM PARAMETERS 


Parameters unique tc Fortran program execution are to be found in 
the scratchpad area in the run structure nucteus. They are 
Listed in Table emt. | 


Parameter Significance . 

Stack Stze Originat size allowed for stack 
 §tack Length Current remaining stack tength 

Stack Address Current stack address 

Mark*Stack Ragister Address of tatest MSW 


Return Control Register Address of tatest RCW 
Table 2°=1: Uniaque Fortran Parameters 


FORTRAN ADORESSING 


Addressing breaks down into three basic types == code segmentse 
data seqments and a stack =* with items in the stack being codes 
data or addresses. 


Address references to the stack may be: 
Imptied Generatty TOS and TOS"1 Ceceger ADD» SUBTRACT). 


Direct Positivé or negatives relative to the RCW C(Cthis 
type appears in the code) or baserretative (rhis 
type appd@ars in the stack itself and refers to 
items in the stack). 


A reference to a data segment address consists of a base and a 
displacement. The base is an index into the data dictionary and 
locates the segment containing the desired dat ae The 
displacewent is a werd index into the segment. . 


If a reference to a code segment address is in a segment other 
than that containing the desired code segment» the address is a 
base and a displacement; the base is an index into the code 
dictionary and the displacement is the bit location retative to 
the beginning of the segment. If the reference is to the same 
segment which contains the references the address is the 
displacement from the beginning of the segment. 
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Code and data segment references use the MCP*s virtual memory 
management to place the segments in memory. The dictionaries 
record the memory address of each segment. 
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Figure 2-1: Addressing Methods 


FORTRAN STACK 


The Fortran S=machine inctudes one evaluation stacks which is 
used for expression evaluations subroutine dinkage and subroutine 
parameter passing. 


The stack is in static memory but does not necessarity tegin at 
the base register. It grows “"“up“ from the base register end of 
memory toward the Limit register end of memory. 
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Fach word of the stack 185 36 bits fong. FEntries on the stack may 
be one word fong Ceeges integer and reat values or = simpte 
addresses) or two words (Ceegs» array addresses or doupte 
precision vatues). Double“word ttems are pushed to the stack by 
first pushing the tlowrorder 367: it word followed by the 
high~order 367bit words this insures that the top word of the 


stack item contains the type bits which indicate whether a second 
word is on the stack for that item. — 


An important consequence of this arrangement is that double-word 
items appear to he backwards #n memory. This is important when 
reading fortran duaps produced by the dump anatyzer. For 
axamples if the integer 3. is pushed onto the stack» fottowed by 
the double precision 1.D#05 then by 12Ce they woutd tlogicatly 
appear in the stack as: 

TO5 501800009 (real 1.0) 

TOS-1 901800009 (upper bits of double precision value) 

TOS*2 000900090 (lower cits of double precision value) 

TOS73 900000003 (integer 3) 


Howevers a hexadecig#al memory dump would show these in the stack 
as: 


000000003 0090000000 001800009 501800000 
Note that the high-order bit of the double precision vatue 
apppearcs in memory to ce adjacent to the lowntcrder tit of the 
bottom 36 DIts. 
SUBROUTINE LINKAGES 
In addition to the stack being used for expression evaluations it 
is also used for parameter passing and sutprogran tinkage 
information. Invoking a subprogram is da four-part process! 

1. Push a mark-stack word (MSW) onto the stack. 

2» Load parameters to the stack. 

5. Push a return controt word (RCW) to the stack. 


he Transfer to the new location. 
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Two registers are matntained in the S-machine to hetp a 
subprogram to return to the program from which it was called. 
Onee the mark-stack cegister (MSR)» is a pointer into the 


evaluatton stack. 


It points to the tocation of the mark-stack word (MSW)» 
(described below) and it points to the place toa cut the stack 
back to when exiting from tha current sutprogram. 


The other return control register (RCR)» is a pointer into the 
evaluation stack where a return controt word (RCW) its tocated. 
The code address in the PCW tells where control should transfer 
to when exiting from the current subprogramn. 


Since there are onty one MSR and one RCP tn the Sw~machiner their 
cantents must be saved on each calt to a subprogram and restored 
on each return from a suborogram. Their values are saved tn the 
MSWe which contains two 18"bit» basemrelative pointers. fhe taft 
half is the previous RCR and the right hatf is the previous MSR. 


The return control register» in addition to pointing to an RCW» 
aiso serves as a reference pointer in the stack. When a Fortran 
subprogram references a parameters the paraneter is found by 
referencing a word in the stack» relative to*the current RCR. 
The compilers when referencing a parameters wilt set the stack 
bit in the Scinstruction which causes the interpreter to 
reference the Nth word down from the current RCW toward the 
current MSW CN is found in the address fietd of the 
Stinstruction). In addition» the compiter can generate code toa 
reference a data item that is N items “up” from the current RCR. 
This is useful for local data items which need not be maintained 
Over successive catls to the subprogram and for temporary storage 
of intermediate results when evaluating expressions. 


PARAMETER PASSING 


Parameters may be passed by vatue or by address. The walue of a 
parameter is accessed directly or indirectly from the stack by 
addressing a word relative to the RCR.« When doading the vatue of 
a parameter» the interpreter checks the type bits of the 
designated stack item. If the type bits indécate that the item 
is a value (type bits *= binary 10)» that vatue is toadede with 
type bits set according to the rutes for vatue toading. If the 
type bits indicate that the stack item is an address (type bits = 
binary 10)» the data address is decoded» the data segment made 
present Cif necessary) and the desired vatue toaded. . 
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STACK QVERFLOW-UNDERFLOW MANAGEMENT 


{f stack overflow occurs» it wil! cause an atnormat termination. 
Since the compider is assumed to generate correct coder stack 
underflow cannot occur? therefore it is not checked. 


ARRAY SOUNDS 


A Fortran array reference CALA» LA» ALV or CAD) wild contain a 
base addres S» a minimum subscript and a maximum subscript. The 
value found on the TOS witt be the actual supscript and will be 
checked to insure that it is greater than or equat to the minimum 
subscript and tess than or equal to the maximum subscript vatues 
given in the instruction. The mini@um and maximum subscripts 
wild be L8-bit numbers in twos complement. The maximum number of 
array elements witt therefore be 2**17 - 1. 


The base address wilt be adjusted ty the compiter (Cbinder) so 
that before baing adjusted by the subscript at run times it may 
not Cand typicatily witt not) reference data in the array. In 
particulars the subscript will be adjusted backwards by one to 
atlow for the Fortran convention of arrays beginning at element 
one rather than zeroe - Further variation may rasutt from 
optimizing array references of the form ACI*#C)»+ where C ts some 
integer constant. The base address of the array witl be aay usted 
by the coapiler to aitow for the constant C. 


If a subscript is reale it is truncated to an integer. 
If the type bits in the operator indicate double precision (type 


bits = binary 11%)» the subscript is doubted tefore tetng used to 
adjust the base addresses 
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SLACK EQRMAT 


Stack items can be S*code addresses» data addresses or vatues. 


With the exception of the mark-stack and return contro 
addresses» the first seven bits of a stack item have meanings as 
shown in Figure 3*f. 


ees eee mjwe ama | cman aafamaee annum aman «| anmme |] 


t stack § code ! data ¢ array { stackrrelativa § «ee. f 
' type t flag it type ! flag 1 flag | 4 4 


gre cane m j sana wi ae sane foram nee | ww oer nanmacean owe) mown : 


=) 1 2 3g 4 S . ma) 
Figure 3-1: Stack [tem Prefix 


The tworbat stack type flag is 00 for an integer vatuer O01 for a 
real vaiuer 10 for an address or 11 for a doubte precision value. 
The code fiag is 1 only when the item is an S*code address. The 
tworbit data type flag 8s meaningful for values only. The array 
flag is 1 onty when the item is an array. The stackretative 
flag 15 meaningful for data addresses only. 


Address Eormats 


Address*generating operators are LA» ALAe CAD» CSRP»® MKSe SMKS» 
and CALL. The six types of addresses are stmple variabie 
addresses» array item addresses» stack"relative addresses» code 
addresses» mark=stack addresses and return controt addresses. 
Each address occupyies 36 or 72 bitse With the exceptions of 
mark-stack and return controt addresses» the first two bits are 
10 and the next five indicate code» typep array and 
stack-relative values. 
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Simpte Variable Aduress 


Li tits 10 bits a cits 
{mse f coal toa an | oes cee] nna memeamt ccaanea | cacen aman anenn | 
1 1 1 data il ‘ 4 { 4 . | 
4104 0 4 type § 0 4 9 § not used 4 base | dispiacement 1! 


prow” seit Hatta acing | knelt Meaielindt Redielneliteieteietel | scene ae fot ewe cman awe | 


0 1 2 3 #44 5 6 7 17 18 27 2B 35 


ACTay Adgdeess 


11 bits 10 bits 8B bits 
lala Ketel Coteletateted Ketel Redtediad etetetetatatetadedel Retetetatated Retetetetetatttatiatel | 
1 | i data ! | i 4 | 1 
411043 09 4 type ?1 43 «9 §€ not used t base { displacement i 


prawn er foewa | ownmaw a jours one | hee enon ee ae en ae 4 Seta wneama naam a | 


9 1 2 3 4 5 a ? 17 18 27 28 z5 
16 tits | | 18 bits | 

J ent se ce awe nan wee masa namaa @ | 2A Se Ae eee ae ee od 
| minigun pound 1. MRaxinum bound ~ 4 
1 (see Array Bounds) ; 1 (see Array Sounds) 4 
] AS tae Se eee em ee) ee ne ee ee ee ee asewwvewwn | 


36 53 54 | re: 


atack-Relative Addfess 


. 5 bits 24 bits 
jor--] aoe (areas eae ef eee) eee mee se aM ena neaanaan asanmwnaan } 
1 f i data 1 ' 4 1 j%kcit disptacement { 
710 4 0 & type 104 21 «8 not used 3 from stack base i 


 Cletatind: Meddhel ee ee | 4 ane if ana lomanewomann | 2 ah DO OE ee oe ee ee en ee eenwnawn | 


9 t 2 3 4 5 6 67 ii 12 | : 35 
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Cade Address 


10 bits 18 bits 


frcem [ones ewween Joma] anal ancamneanae| ananwe! sane | 
1 4 | . | t 1 1 1 ‘ 
410 4 1 8 =OO '90 ' 0 Ft not used | base § displacement 1 


Jrecm [ewe] onc an Panu manana man oa a] em on || ree ee ee saan | 


ooh ae Bf 4 5 be) 7 B8 417 18 35 


MarksStack Address 


18 bits | 18 bits 
] sawn nwo nnam aman naman | aw 12 2. ee OD ae A Oe De ae a en ae ee awanmnawe | 
] previous return | ! previous mark=stack 4 
{ control ragister 4 words | 


Return Controt Address 


1 bit 10 bits 18 bits 
ii er at elena! seamesman lame anaes anaes ae sonnenon | 
i 4 previous ' previous eee 
{ unused 4 NIP 4 NIP . 1 
ae i segment 1 displacement 1 


fren entre nenwnean a] = aa em anunaanann se i reer ee ee Ter eee TY) acl ache ; 


MALUE FORMATS 


Of the four types of vadue formats» three can be found either on 
the stack or in a data segment. These three are integer» reat 
and double. preciston. The fourth type» found only in data 
segmentser is catied “uninitiatized"™. Bits 3 and 4» the data type 
field» are 00 for integer or logical variables» 91 for reat 
variables or 11 for double precision (10 is undefined). 

\ wugt a? 
Integers and the fraction portion of nonsintegers are stored in 
Sign magnitude notations Exponents are in “excess 256" notation? 
that is» an exponent is positive by the amount that it is greater 
than 256 or negative by the amount that it is fess than 256. For 
examples an exponent of 259 becomes an “excess 256" exponent af 
+3. The exponent is the power to which two 3s to be raised. The 
normalized fraction is a number less than one and greater than or 
equal to 0.5» except in the case where a fraction equals zero. 
The fraction part of att nonzero floating point numbers must be 
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normalizeds otherwise» the value is undefined. | 


Negative numbers are represented with a sign cit of le positive 
with a sign bit of OQ. Zero is represented by alt zeros except in 
the type fietd. . 


An exponent equat to zero and a nonzero fraction (Ce@egern N**002) 
wilt result in an exponent underfiows divide by zeror and/or 
undefined results as the resuit of an arithmetic operation. An 
exponent that is nonzero with a zero fraction is undefined and 
wii cause undefined rasuits in an arithmetic operation. 


The second word of a double=precisions floating-point number 15 
treated merely as a 367*bit extension to the rijht of the fraction 
part of the first word of the number. fhe first word of a doubte 
precision number tooks just like a singjle-precisione 
floating-point numbers except that the type bits are il. 


Lnteger 
9 bits . 24 bits 
{cre ] crea] ewes saw we me |e ewa nme ses cameos ener asesee asamaen | 
d i] § higheroarder ! ' 
# #00 @signt part of 1 integer 1 
{ 1 t extended 4 a a, ‘ 
4 } a integer é { 
frre | meee femme ewer ct es | come e wen anmeramwamonnesoataaacamas | 
OO 41 2 5 i112 35 


An extended integer is indicated by a nonzero higheorder part. 


Real 
9 bits 24 kits 
LOPS EPS eh SAS SS Se eS SSS ee ee ee Re ee Ta ee ee ne 
1 O01 tsignt “excess 256" 1 normalized fraction i 
i 4 i exponent 1 . 1 


| ldhietiedl | edieded | scan nwo nena aan | ames s aware sens ena amanamnocanes | ‘ 


O %L 2 3 11 12 35 
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Double Precision 


9 bits : 24 bits 
§ wow ang aamm | AKA nanan ae an | Oma newt OD EE BANE MOD naewwasanmenmaam | 
fo ll tsignt "excess 256" 4 normalized fraction — f 
| 1 4 exponent 1 i 
O- ob «2 Six. 11 12 35 
36 bits 
(Sees 2 S43 SS Ser Se eee Ee nwr eee Pe DBR Be SS Bt we Oe ee m e nanan anmaman | 
i ' 
4 lower-order 36 bits of double-preciston fraction 1 
{ ae ‘ 
J weet ew eee es me wm ee me DAMME RBH MBE HEA MSE BOS OBR eS Dewees ee ee sonnns | 
$6 . | 71 
Uninitialized 


Uninitiadtized data have type fieto 10. The remainder of the 
format is undefined. Uninitistized data will never be toaded to 
the stack put wittl be detected by a "LV" or TAL V" Ssinstruction.s | 


S"INSIRUCTION EQRMATS 


An S-instruction consists of an operation code (S-operator) which 
may be foilowed by 2 descriptor and/or other operands. There are 


two Swtoperator tLengths:. three bits for the most frequentty used 
instructions and ning bits for att others. Atl ninerbit 
Ssoperators hegin with bits 111. Many Swinstructions operate on 


items from the stack» white others have one or more operands 
appended to the ftinstruction itsetf. Detailed information on 
operands is given in the "Se NS TRUCTLONS* section with 
descriptions of each affected S*instruction. 
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QPERAND EORMATS 


Table 3ela lists all possibie kinds of operands and the number of 
bits for each occurrence. The six cits of a descriptor are 
listed in Tabte 3-1b. . 


. Now of No. of 

Operand Bits Meaning Bits 
Fiag 1 Code fdag 1 
Type indicator 2 Type fietd 2 
Parameter type 4 Array flag 1 
Descriptor 6 Stack field 1 
No. of operands 8 Unused 1 
Small positive integer 

or segment no... , 1¢ 

Code address or 

array bound (max. or min.) 1a 
Literal 36 


Table S-i1at Operands List Tabte 3-ib: Descriptor Bits 
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Sr INSTRUCTIONS 
LISTING SY INSTRUCTION 


| Operation 
Instruction Nama a Mnemonic Code . 


ABSOLUTE VALUE ABS 111 101 O11 
ADD ADD 111 910 110 
AND - | AND 111 001 991 
ARITHMETIC IF : | AIF 111 000 110 
YARRAY LOAD ADDRESS ALA 910 
sARRAY LOAD VALUE ALY Olt 
ARANCH FALSE BRFL 111 000 101 
CHECK TYPE | CKT 111 110 100 
COMMUNICATE | COMM 111 001 100 
COMPARE PARAMETER ATTRIBUTES CPA 111 O11 O11 
COMPLEMENT | NOT 111 O11 110 
COMPUTED GO TO | CGO 111 001 099 
CONSTRUCT ARRAY DESCRIPTOR CAD 111 100 110 
CONSTRUCT STACK RELATIVE POINTER SRP 111 101 000 
DECREMENT“MULTIPLY*ADD PARAMETER | OMAP 111 O11 101 
DEPRESS THE STACK TO MEMORY DPRS 111 100 191 
DIVIDE DIV 111 O11 O01 
—POUBLE , DB8LE 411 101 019 
0S J08 aps 111 110 110 
DUPLICATE-ONE DUP! ‘ALL 101 199 
DUPLICATE=TwO pup2 111 101 101 
DYNAMIC BRANCH |  DBCH 111 110 000 
EQUAL | | | EQ 111 O10 000 
EXCHANGE | XCH 111 100 Oot 
EXTRACT FIELD X TRE 111 011 111 
FIX FIX 111 101 901 
FLOAT 7 FLOT 111 000 090 
GO To . GOTO 111 000 111 
GREATER THAN 5T 111 010 O11 
GREATER THAN GR EQUAL GE i111 of0 101 
HARDWARE MONITOR H MON 111 100 190 


(Table 4-1 is continued on next page) 
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Instruction Name 


1 ae ie a hb aD a 1) om ee 


LESS THAN 
LESS THAN OR EQUAL 
LOAD ADDRESS 
LOAD SMALL INTEGER 
LOAD BITS 
LOAD BYTE 
LOAD COMMUNICATE REPLY 
LOAD SINGLE PRECISION LITERAL 
LOAD VALUE : 
MAKE TWO 
MARK STACK 
MAXIMUM 
MINT MUM 
MOVE 
MULTIPLY 
MULTIPLY“LITERAL ADD 
NEGATE 
NOT EQUAL 
OR 
RETURN 
RETURN VALUE AND EXIT 
SENSE SWITCH 
SPECIAL MARK STACK 
STATEMENT FUNCTION LINKAGE 
STORE BITS 
STORE CHARACTERS 
STORE DESTRUCTIVE 
STORE NONDESTRUCTIVE 
SUBROUTINE CALL 
SUBTRACT 

WRITE INTEGER DIGITS 
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Operation 


Mnemonic Code 

LT 111 010 O10 
LE 111 010 100 
LA 000 

LSI 110 

L003 111 O11 O10 
LDB 122 O01 110 
LOCF 111 100 9009 
LIT 101 

LV N01 

MAK2 1212 2900 111 
MK5 111 000 100 
MAX 111.101 111 
MIN. 111 101 110 
MOVE 111 110 O11 
MUL Lili O11 009 
MLA Li1 O14 100 
NEQ 111 100 O10 
NE 111 010 OO1 
OR 111 001 010 
RIN L211 000 O11 
RINY 111 000 0190 
SSW 111 110 101 
SMKS. | 111 100 OLL 
SF 111 901 O11 
ST08 111 001 111 
5TC 111 110 0901 
STD 100 

STND L121 001 101 
CALL. 111 000 001. 
SUB 1211 010 1I11 
WID 111 110 910 


Table 47-1: S-Instructions Listed by Instruction Name 
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LISTING £Y MNEMONIC 


Operation 
Instruction Name Mnemonic Cade 


ABSOLUTE VALUE : ABS 111 101 O11 
ADD ADD 111 010 110 
ARITHMETIC IF ALF 111 000 110 
ARRAY LOAD ADDRESS ALA 010 

ARRAY LOAD VALUE ALV Olt 

AND | AND 111 001 001 
BRANCH FALSE | BRFL = = s aA 000 201. 
CONSTRUCT ARRAY CESCRIPTOR CAD 111 100 110 
SUBROUTINE CALL CALL 111 000 091 
CHECK TYPE KT 111 110 100 
COMMUNICATE COMM 111 001 190 
COMPUTED GO TO C60 111 001 009 
COMPARE PARAMETER ATTRIBUTES CPA 111 O11 O11 
CONSTRUCT STACK RELATIVE POINTER = CSRP 111 101 090 
DYNAMIC BRANCH DBCH 111 110 000 
DOUBLE | DALE 111 101 010 
DIVIDE ia ALL OLL O01 
DECREMENT*MULTIPLY*ADD PARAMETER DMAP 111 O11 101 
DEPRESS THE STACK TO MEMORY DPRS 111 100 101 
DUPL ICATE-ONE DUP 1 111 101 100 
DUPLICATE-THO a DUP2— 111 101 101 
EQUAL EQ 111 010 000 
FIX FIX 111 101 991 
FLOAT FLOT 111 000 000 
GREATER THAN OR EQUAL GE. 111 010 101 


Go TQ . GOTO 111 900 111 


{Table 4-2 ts continued on the next page) 
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Operation 
Instruction Name Mnemonic Code 


GREATER THAN : at 111 O10 O11. 
HARDWARE MONITOR HMON 111 100 100 
LOAD ADDRESS LA 000 

LOAD BYTE 108 111 001 110 
LOAD COMMUNICATE REPLY LDCR 111 160 000 
LESS THAN OR EQUAL LE 111 010 190 
LOAD SINGLE PRECISION LITERAL Lit 101 

LOAD SMALL INTEGER Ls! 110 

LESS THAN LT 111 010 010 
LOAD VALUE | LV 001 

MAKE TWO MAK2 111 100 111 
MAXT MUM | MAX LiL 101 11> 
MINIMUM MIN 111 101 110 
MARK STACK MKS 111 000 100 
MULTEPLY“LITERAL@ADD | MLA 111 C11 100 
MOVE MOVE 111 110 O11 
MULTIPLY MUL 111 O11 000 
NEGATE | NEG 111 100 010 
COMPLEMENT | NOT 111 011 110 
OR | | OR 111 001 010 
05 JOB | | Qos 111 110 110 
RETURN | : RTN 111 000 O11 
RETURN VALUE ANDO EXIT | RTNV 111 000 010 
STATEMENT FUNCTION LINKAGE | SF Lil 0C1 011 
SENSE SWITCH , SSW 111 2110 101 
STORE CHARACTERS STC 111 110 001 
STORE DESTRUCTIVE std 100 

STORE BITS STOB 111 001 Lil 
SUBTRACT ait SUB 111 010 111 
WRITE INTEGER DIGITS .. WI0 111 110 010 
EXCHANGE XCH | 111 100 001 


EXTRACT FIELD a X TRF L212 O11 111° 


Table 4-2: S“Instructions Listed hy Mnemonics 
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LISTING BY OPERATLON-CODE VALUE 


Three-3it Qoeration Codes 


Octat Vatue 


(Re Oe ee ae Oe. 


OV e&whd = & 


Table 4-3a: SwrInstructions Listed by 


Binary Value Mnemonic 


2 a ae a On oe ee ee 


000 LA 

001 LV 

910 ALA 
011 ALY 
100 ST) 
101 LIT 
110 ~ CST 


Nine-Bit Operation Codes 


-Detat Value 


> 7 a a) a a oe a a 


700 
701 


Binary Value Mnemonic 


7 2 OE Ee he ee oe eee enhananee.wes @ 


000 000 FLOT 


Lit 
111 000 001 CALL 
111 000 010 RTNV 
111.000 0112 ~— RTN 
111 000 100 MKS 
111000 108 «= BRFL 
111 000 110 AIF 
111 000 111 GOTO 
111 001 000 CGO 
Lit OGL O01 AND 
111 001 O10 OR 
111 OOL O14 ~— SF 
111 001 100 COMM 
111 001 101 STND 
111 O01 110 LOB 

221 OOL L121 STOB 
111 010 000 EQ 
LLL O10 001 NE 
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Instruction Name 


Dern Se eneenme © 2a we 


LOAD ADDRESS 

LOAD VALUE . 

ARRAY LOAD ADDRESS 

ARRAY LOAD VALUE 

STORE DESTRUCTIVE 

SINGLE PRECISION LITERAL 
INTEGER LITERAL 


Op Codes (Three Sits) 


Instruction Name 


VEO EBBSE BEL OBESE OH 


FLOAT 

SUBROUTINE CALL 
RETURN VALUE AND £XIT 
RETURN | 

MARK STACK 

BRANCH FALSE 
ARITHMETIC TF 


GO T0 

COMPUTED GO TO 

AND 

OR 
STATEMENT FUNCTION LINKAGE 
COMMUNICATE 


STORE NONDESTRUCTIVE 
LOAD BYTE 
STORE BITS 

EQUAL 

NOT EQUAL 


(Table 4-3b is continued on next page) 
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Octal vatue Binary Value Mnemonic Instruction Name 
722. 111 010 019 LT LESS THAN 
723 L111 010 O11 GT GREATER THAN 
724 111 010 100 LE LESS THAN OR EQUAL 
725. - 111010 101 GE = GREATER THAN OR EQUAL 
726 111 010 100 ADO ADD 
727 111 O10 111 SUB SUBTRACT 
730 L121 O11 000 MUL MULTIPLY 
731 Lil O41 O01 DIV DIVIDE 
732 Li1 O11 010 LOD8 LOAD BITS 
733 ALL O18 O11 CPA COMPARE PARAMETER ATTRIBUTES 
734 111 O21 100 MLA MULTIPLY-LITERAL=-ADD 
735 Lil Of1 101 OMAP. DECREMENT“MULTIPLY=ADD= 
| PARAMETER 
746 2121 011 110 NOT COMPLEMENT 
737 Lil OAL Lad X TRF EXTRACT FIELD 
740 111 100 000 LOCR LOAD COMMUNICATE REPLY 
741 L211 106 O01 | XCH EXCHANGE 
742 111 100 010 NEG NEGATE 
T43 | 111 100 011 SMKS SPECIAL MARK STACK CALL 
744 111 100 100 HMON HARDWARE MONITOR 
745 111 100 101 DPRS | DEPRESS THE STACK TO MEMORY 
746 - - £11 100 110 CAD CONSTRUCT ARRAY DESCRIPTOR 
747 111 100 i141 MAK2 | MAKE TWO | 
750 111 101 C00 CSRP CONSTRUCT STACK RELATIVE 
, —— POINTER 
751 tit 101 001 FIX FIX 
752 211 L101 010 DOBLE. DOUBLE 
753 LLL LOL O11 ABS ABSOLUTE VALUE 
754 111 101 100 DUPL — DUPLICATE"ONE 
755 111 2101 fot DuUPZ DUPLICATE-THWO 
756 1121 201 £10 MIN MEINE MUM 
757 211 101 L121 MAX. MAXIMUM 
760 111 110 000 OBCH DYNAMIC BRANCH 
761 L1L1 110 001 STC STORE CHARACTER 
762 111 110 010 WID WRITE INTEGER DIGITS 
763 111 110 O11 MOVE MOVE 
764 111 110 100 CKT CHECK-TYPE 
765 111 110 101 SSW SENSE SWITCH 
766 LL1 L110 110 > QDs 05 JOB 


Table 4363: S-Instructions Listed by Op Codes (Nine Bits) 
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DESCRIPTIONS 
Acithnetic Qoerators 
ABSOLUTE VALUE (ASS) - 


Far nat: 


q ae eee. er se on | 


i } 
1 op code i 
@eqa1_iawot o11 ft 
1 a 
jane enn naaanan j 
0 e 


A3S turns off the sign bit for the value on the top of the stack. 


aod £agD) 
SUBTRACT (Sug) 
MULTIPLY CHUL) 
DIVIDE Oxy? 


Format: 


pease < Sess eh 
4 ‘ 
! op code 1 
#2111 010 1108 
eee i 
[Sssesnras= = 
0 B 
CADD) 


Each of these 
perfornas the indicated operation. 
be mixed» with the resutts described in Tabte 4-4. 
the operation is pushed onto the stacke. 
DIV divides TOS intc TOS-1. 


TOS*1. 


J cece wend aammn | 
d 4 
1 op code 4 
TiL1 O19 Lids 
4 ’ 
j won anna tama |] 
0 8 
«$ua) 


four 


causes abnormal termination. 


{ew ereconanoe|t 
1 4 
1 op code 1 
$1121 O11 0008 
] i 
feces nar ann a| 
9 8 
(MUL) 


+ lee conan me wm f 


| a | 
1 op code i] 


4112 011 0018 


i { 


0 8 
CDOIV) 


functions pops two ttems off the stack and 
The mode of the operands 


The result of 
 S$UB subtracts TOS 
Attenpting to divide by zero 
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second operand typ2 


first operand errs integer } real idouble precision 

ao len en oe eae a ee aD ah Oe om a ee ee oat sear mam ee | R2ERazezzsez=zse] pe md siss= 2) 2s S3 SS ss 25S So sS= = 
| t | 

‘tnteger tintegers Ireat Idouble precision 

real freal Ireat idoubte precision 


double precision %double prec.tdouble preceidoubte precision 


*kinteger division yields a truncated resuitt. 


Table 4°42: Modes of Arithmetic Results 


QOQUSLE (DSL EQ 


Format? 


a op code i 
GP LLL 1OL 910 4 
i | 7 
ja case se aeanen j 
a. a 


D3LE converts the item at TOS from integer or real to doutte 
precision and reptaces the original item with the converted item. 


£1X CEIXD 


Format: 


| enone a mm e | 
1 4 
{ op code | 
{ £11 10f OOL8 3 

‘ 


j enw nn me me | 


9 a 


FIX replaces the item at TOS with a (possibly extended) integer. 
value. The fraction part of a real or doutte precision item is 
truncated» not rounded. 
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FLOAT CFLOAT) 


Format: 


me en nme ee ae ee an ee of 


4 
1 j 
J op code I 
# 111 000 000 1 
( 1 
i 


anna me mf 


9 ea 


FLOAT examines the type fietd of the item at TOS. ff it is reat, 
the item is left unchanged. If an integers the item is converted 
to reat; some toss of precision is possitle if the tnteger was 
an extended integers atthough rounding witl be. performed after 
normalization. ; 


If the item is double precisicone it is rounded and truncated to 
real. . 


MAXIMUM (MAX) 


Format? 


[Ao See mn am me | 
| . | 
1 op code { 
#o a2i1 101 Lil 5 
| 4 
| Medline > = on mp me | 


o- e 


MAX pops the top two items off the stack and pushes the greater 
of them back onto the stack. The two items need not he of the 
Same type. 
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MINIMUM {MIND 


Format: 


fren tween em | 
j i 
1 = op:~ code 4 
a4eLizt LOL 110 4 
| | 


Jw wwe ame mmm | 


0 a 


MIN pops the top two items off the stack and pushes the minimum 
of them back onto the stack. The types of the two items need not 
be the same. 


NEGATE (NEG) 


Format? 


part eenceen awn] 
i i 
| op code $4 
4 #111 £00 910 4 
1 { 


3 -— 7 < swan naamm | 


0 e 


NE Q complements the sign bit of the top item on the stack. 
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‘Branshing Qoerators 


“ARLTHMETIC If CALE) 


Format? 

(esos she Sees | See es Se Sere S| ee SSeS Sa Se ess =s Kees sas 
] { ! | 1 
| op code 4 4 1 1 
t wit 000 Lid | address 1 i address 2 % address 3 ! 
4 i 1. 4 4 
[oS Oe eo See eee le ee ae a eS Se fe Se eon ae ee ee ee ee ee 
Q ey 26 27 4&4 45 A2 


AIF pops the stack. If the popped word is negativee the first 
code address is added to the current-segment base and this 
location is used to fetch the next executable S-instruction. If 
the popped word is zeros the second address is used. If 
positives the third address is used. 


COMPUTED GO ID 4cG0) 


Format: 

[eS ese eee ses ee] aes eee ese eee Sse) eee ese hese lease era 
1 | ee | is 4 | i | 
i op code 1 number of ! address 1 address $...4 address ! 
i L111 001 000 4 addresses 1 1 ! 2 ( 4 N i 
1 1 . 1 q 4 i] 4 
frre rte s ene se] oe cae eww sea wat eawann | we anneroan| ana co eneonaee | 
) . 8 Y 16 17 34 35 52 


The CGO instruction expects an integer on TOS» which it compares 
with the number of addresses foltowing the operation code. I f 
the stack integer is greater than that number or tess than. ohe» 
control transfers to the instruction fottowing. thd CGO 
instruction. Otherwiser the integer is used as an index ifttto the 
address tist in the CGO instruction (note that indexing starts 
with t» not 0). The address in the tist is a segment-retative 
address which becomes the next instruction pointer. <A maximum of 
295 addresses may be specified. If the TOS is not. an integers 
then CGO forces it to integer. 
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QYNAMIC BRANCH <DBCH) 


Format? 


{24S Ses ee ee eee | 
{ 4 
| op code 4 
# 211 110 000 1 
i ‘ 


| ena nanaeaemamem | 

0 | a 
DHCH expects a code address. The address is popped and execution 
continues at TOS. If the segment field is zero» the address is a 


bit: disptacement redative to the start of the current code 
segment. | 


GOTO (GOTO sCQDE ADDRESS>) 


Format? 


pwr rma mannan oanrecnvenenaan | 


1 i 1 
| op code | 3S 4 
£111 000 L11 8 code address 1 
| i 4 
[ssa eee Sense Lene ae wa ae eed 
0 Rg 9 26 


GOTO obtains the program basecretative code address» converts it 
to an absotute addrass and ptaces it in the next instruction 
pointer. 
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BRANCH FALSE C3RFL) 


Format? 


Jm~w ewww amano n fmm ane mawa 2 eae | 


i 4 1 
i op code I | 
1 #1211 000 108 §& code address 
4 i 1 
 Eleteieetetetatateatatetated Retetetetateteteteietetetated | 
0 a 9 26 


BRFL pops the stack and examines the least significant bit of the 
value. If the kit is zero» the next instruction pointer is set 
to the absolute address resutting from conversion of the projram 
basesrelative code address passed in the instruction. Otherwiser 
the next instruction pointer is increased by the tength of the 
BRFL instruction. 
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Logical Uperators 


AND CANQ) and QF COR) 
Formats 


prs ercem warns wun | [ree wn wm ammonia | 


4 4 1 { 


1 ap code i i op code ! 

§ 111 001 901 4 # 111 001 O10 9 

1 1 i i 

{S85 +See ane pasremanansena | 

Q 8 0 é 
AND OR 


-£ither of these oferations pops two vatue operands from the 
stack. If the operands are both singleeword tength or are both 
doublesword tengths the indicated operation is performed on aati 
bits except the type bits of both aperands. The type is set to 
double precision if either operand is double precisionse to reat 
if either is real» otherwise to integer. | 


Tf one operand is single*word and the other is doubleswords the 
Single-word operand is assumed to have an attl-zero second word. 
A bitwise “logical and* or “Logical or™ is then performed on the 
two operands and the resutt is pushed onto the stack. 


COMPLEMENT (NOT) 


Format? 


fo ce renee nseent 
4 1 
1 op code j 
§ 41h O11 110 1 
i ' 
4{--- Te wom | 


o 8 


NOT pops the stack» checks the type and performs ones complement 
on all bits inddcated» except for the type ttsedf Ce.ge5 if thea 
descriptor indicates double precision» 72 «=bits minus the 
descriptor are comptemented). The result is pushed onto the 
stack. . 
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Relational Qpergtors 


EQUAL CEQ) 

NOT EQUAL (NED 

GREATER IMAN (G12 

GREATER IHAN O8 EQUAL (GE) 


LESS THAN (LY) 
LESS THAN OR ESUAL (Le) 
Format: 
Le sasSeses sees ).-SS se ao = see = 4 a alec | 
1 | 4 | } § 
1 op code a { op code ae | op code 1 
- § ALL O10 O90 4 1 Lil O1¢C GOL § @o1t1o010 O11 4 
| | a i j j 
{2s 2seeee=ees2 4 (sess Sse ee ee22] jsssesess 22 =S'= 4 
0 8 0 8 0 8 
EQ NE GT 
fas ers es en a sen] {-o==<= patches | [ss<se5 ieee cid { 
t § { 1 j i 
1 op code 4 4 op code 1 | op code | 
} £111 010 101 4 4 111 010 010 1 1 til O10 1900 1 
‘ j oe } { . 4 
{esos es eee Ses] [Hr ewnmneawona{ jms eccesesnacanej 
6) a 0 ns a ) 8 
GE LT Le 


tach 


of these 


compar ators 
performs the indicated tomparison. 
integer 1 is 
pushed. 


pops 


two 
If the result is 
pushed onto the stack» | 
The operation is performed as <T05-1><relation><TQO5>. 


items off the stack and 


trues 


an 


otherwise an inteder 0 is 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


atore Operators 


SORE QESIRACTIVE (SID) 
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STURE NONDESTRUCTIVE CSTND) 


Formats 


i 4 1 
4 ap code 3 a 
{ 100 4 | 
| . 4 | 
pete se ee" <4 

0 2 


STO 


Both STD and STND expect the top word 


address and the word below to be 


J rr weer wmawaanan| 


| 

op code | 
111 OG1 101 4 
| 


8 


STND 
of the stack to be an 
a valuee The vaiue is stored at 


the address with restrictions ptaced by the descriptors according 


to Table 4-5. 


With STO ontye the value ts also 


Address Vatue 

Integer [Integer 

Integer Reat. 

Integer Double Precision 
Real Integer 

Real Real 

Reat Double Precision 
Double Prec. Integer 

Double Prece Reat 


Double Prec. Double Precision 


Table 4°5: Assignment 


Extend to double prec. 


The address is popped from the evatuation stack. 


poppe de 


Rule 

Assign 

Truncate to an integer and assign 
Truncate to an integer and assign 

Float and assign 

Assign 

Round to 24 bits and assign most 
Significant part 

and assign 

Extend to double prec» and assign 
Assign ; 


Rules for STO and STND 
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‘MOVE (MOVED 


Format: . 
2or 4 O» 45» 8 or 19 
9 bits 1 bit 18 bits bits bits 

Jor ence renwnn | eneeweel emmanemavawen| aanncsanni nanan nennaannane | 
1 op code 1 stack #! destination 41 vartant 4 source (may | 
$111 110 O11 1 i address t 1 be nonexistant) 1 
Ella tattatatel Retatetete ital Relatalehetetetetitetetiel betehetatatatehetel Reletabtatetebsbebeteteetatetete 
Q 5 9 10 27 28 29 39 35» 37 
Bits 28 Bits 390 
and 29 and 31 Interpretation 

00 00 neo source fields source implied to be 0 

00 01 $$no source fields source iaptied to te i 

090 10 source fietd is four-bit titeral in bits 32...35 

00 ai undefined | 

Ot =< ne source fields source implied to be TOS 

10 ao source field is 19 bits? bit 30 is a stack 


Boolean and bits 31.22248 are a segment= 
cisplacement address 

11 == source field is bits 30...37% it is a word 
dispdacement in the same segment as the 
destination address 


a 


Type conversion is never performed. The type field in the 


destination will be set the same as in the source. For variant 
OO» type is set to intdger in the destination. 
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Load Operators 


“LOAD AQOPESS 4LA) 
Format Ls 


procure] ladeale | am | ne mf nawwamnn fan weno I ae Le eee fe PS Te oe ee connne | 


io op i | j l ' not 4 . ‘ 
ft code 1014 type § 01 Stack 1 used 1 base and dispdhacement 1 
$1900 1 | 1 ’ | 1 | 


prramanans wun Jw ewan eo | ame] anmamomwen fam aw om | oA KR me 


D 2 3 & > 6 i B 9 26 


Format 2: 


1 aanoewn | oe eee es er aaemporons |} nscmaw anal on wwan an ena noowan |] 


1 op i 4 1 { Inot thase and iminimum- tmaximum- 4 
§' code 1! 0 itypel i Istacktusedidisplacestsubscriptisubscriot! 
1090 4 rr: ee | 1 Iment ivatue ivalue 3 
ale Rete Cettelal Retetel Retell Releteted tlt ttateteel Bette ttetetetel baat 


) 2 35 4 S 6 7 5 9 26 27 44 45 62 


Format 3:3 


jrennce] weafrmne {rraejre sam foanana | nam aman cam annam | onsen anannmaea es | 


{ op 4 fnot &§ 4 tnot 1 a | | 
§ code 1 1 tusedt 1 tstacktusedt base ! displacement 4 
! 300 4 j | 4 4 4 4 | 
loess | ees] see @ ] ee | eee] ese eee eee enasia) ace Ss Seana a = 4 
). 2 $ 4 6 7 8 9 ie 19 . 36 
If the stack bit is zero» then the descriptor bits» base and 


displacement are used in creating either a simple variable 
address (format 1)» array address (format 2)+ or code address 
(format 3) at TOS. | 7 


tf the stack bit is Il» the base and displacement form a word 

index relative to the return controt register. The tndex 45 
positive if the leftmost bit of the base is zero and negative if 
one. The index is multiplied ty 36 ard added to the RCR to fora 
a pointer tnto the stack. If the item pointed to 18 an address» 
it is copied inte TOS. rf it is ae value» a Stackerelative 
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address using the pointer ts ptaced at 103. 


In either casere the TOS pointer is bumped appropriately. 


LOAD VALUE CLV) 


Farmat: 

Loa eee nen aman an oae om if mannan fune on ae ne en coma a | 
1 op code 1 type t stack § not j base and ] 
A 001 i 4 t used t displacement i 
Jer eseenea] ewan aw] ear uawam | Senet Lee SaaS ae eee Ae] 


0 . 2 3 4 5 6 ‘ae ch 


If the stack bit 8s O» LV fetches the vatue at the indicated 
base~displacement address and puts it on the stack. If the type 
field ts 10» LV foads the value with the type field as it appears 
in memory? otherwise» it forces the type fieid equal to that in 
the S-instruction. | | 


If the stack obit is i» the tow-order 17 bits of the tase and 

displacement sare taken as an offset from the current return 
controt register. — This vatue is muttiptlied by 36. If the 
high-order bit is set» this multiplication result is then 
subtracted from Cotherwise it is added to) the current RCR. Tf 
the item thus tocated in the stack is a valuer then LV toads it 
to the top of the stack. If the item found was an address» LV 
uses the found address to locate the data value and toads the 
found vatue to the top of the stack. If the tyoe fietd in the 
S-instruction is 1050 LV loads the value with that type fietd as 
found in the vatues otherwiser it sets the type field equat to 
that in the Seinstruction. 


Tf the type field in the value does match the type fietd tn the 
S-instruction»s conversion is not performed atthough the type 
fietd is modified as dascrihbed above. i 


The program 3s terminated with “uninitialized data" if the type 
field on the vatue is 10. 
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ABRAY LQAD ADDRESS CALA) 


Formats 


CS tateted Ratatat Retetatedl Rotated Reletatetet Kelchaled Ketatetatatetabetel Ratatatattetetatel Raletebetatetetated | 
i op ! ‘ ’ 1 inot Ibase and iminimum= tmaximum= | 
i code # 0 itypel 1 tstacklusedidisptace-isubscriptisubscripts 
1 010° 4 a 1 i i tment ivalue ivatue ‘ 


frcrrwas dad | eanan foam § mem am | anae | mete wcen | me emeen ae feecnaenanaen | 


, 2 3 4 5 6 7 8 9 26 27 44 45. 62 


ALA piaces a simple variabte address at TOS. The address is 
formed as for LA» except that TOS has a subscript used in 
modifying the base address as described in Section 1. If the 
stack bit is te the mintmum and maximum bounds do not appear in 
the code but appear as part of the address in the stack which is 
pointed to by the base and displacement. 


ARRAY LOAD VALUE CALYD 


Format: 


Leledetatatat Relelal Ralatated ataiod Rolataletel Retetetal Ratabtetatetetatal beletatateteetated babatetetetetetted. 
i op 1 i 4 4 inot tbase and dminimua- tmaximume | 
{i code 1 0 itype! 1 istacklusedidisplace-isubscriptisub script? 
Ltt 4 1 1 4 i = tment ivatue twatue ( 
 Teltatediatad Recheted Ratatat Retadied Setetetatel Releteted Keteteteteteetatel babeteetateteetel beteteteteetatetal | 
0 2 3 4 5S 6 7 8 9 26 27 44 &5 62 


ALV places a value at T05 by performing an ALA but placing the 
addressed value at 0S instead of the address. The type field of 
the loaded vadue is set to the type specified in the operator» 
untess the Ssinstruction*s type field is 10% in this case» it is 
set tike the type field of the data item in memory. The program 
is terminated with “*uninitiatized data* if the type field of the 
item tin memory ts 10. 
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CONSTRUCT ARRAY DESCRIPTOR (Cad) 

Format: 

grew ew ow nwosan { aeefwranaajouaj ena nman] eamwmalucae awonncccn=} 

i i 4 A § Aonot 1 base and 1 


1 LiL 100 110 1 0 1 type 1 14 Stack 4 used 41 displacement 3! 
1 1 4 | 1 ‘ | | 


Jom ananananama | ane} osasen| oman} amnaamam | camanm joann eanmaanmawae | 


§) BB 9 40 21 12 13 14 15 . 32 

‘ | ' | ‘ 

t minimum subscript i maximum subscript 1 

A 1 { 

S53 50 51 68 
Using the item on TOS» CAD modifies the baser displacement» 
minimum and maximum subscripts then ptaces an array descriptor on 
the stack Cafter popping the top item). tf the stack bit = I» 
CAD uses the array descriptor in the stack referenced. In this 
case» minimum subscript and maximum subscript are not given in 
the Sinstruction. See Section 1 for description of base and 


array bound formats. 


CONSTRUCT SYACK RELATIVE POINTER (Csrp) 


Format? 


a ee se SS Se? ee | Steel | 


1 4g 
‘ op code { 
# L141 1291 900 14 
4 1 
fun mm mn an on me a ne Y 
0 5 


CSRP uses the TOS as a word pointer to construct a stackereiative 
address description. The TOS item indicates the number of words 
from the return controt register to point to. A positive index 
is toward the stack base» a negative tndex i3 away from the base. 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


‘LOAD SMALL INTEGER (LSI) 


Format? 


frre wn] swam aman | 


d | 1 
QeL4piot titeral 4 
1 | : i 
Pon sent anew eseconn | 
Q 2 4 1? 


LSI uses the 10"bit titeral as 
mantissa of a 567bit integer. The 
positive. 


Bl 
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the rightmost 10 bits of the 
integer formed ts assumed 


LOAD SINGLE PRECISION LITERAL (LET) 


Format: 


go~- re | ASMA RMREREAROO BR SRB Deen 1 


| j | 
1 op code ! : | 
| 101 1 literat j 
| . j | 
{oS He Kees Hee ae Soe Se eee Se eee aes | 
6) 2 3 38 


LIT places the 3Bor~bit literal 
pointer. 


on 


TOS and tncrements the TOS 


he 23 
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MAK TWO MAKE) 


Format: 


for w we mawem omen j 


i exe 4 
! op coda j 
#121 100 111 43 
i , 
prawn ame aw am wo f 
9 . a 


MAK? makes the $tem at TOS occupy two words in the stack. If the 
item at TOS is not a doubletwerd item Cie. is integer or reat 
value or a non“array address)» then MAK2 copies the item forward 
in the stack and makes its former position tin the stack all 
ZeraSe 


This is usec in passing parameters» where the formal parameter 
may be a scalar Coccupying one word in the stack)? or an array 
where the actual parameter was a subscripted variable (C(coutd 
occupy one word) or én array. 
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 Subcoutine Cait Qperators 
QUBROUTINE CALL CC ALLO 


Format? 


jewrewmnann woman a | rr iano og alia eda ete ate =o mm oun {j 


1 4 | a | ’ 
4 op code i a | j 
§ 111 000 O01 1 Segment nugmber t code address 4 
4 q q f 
{ert esa wemanal Stan onnnananeaaianaenananasananaan w | 
Q 8 9 18 19 36 


If the segment numter is not zero» CALL sultipdiies the segment 
number by 80 to get an index into the segaent dictionary. If the 
needed segment is not present» it issues a COMMUNICATE to the MCP 
to fetch it. When the segment is present» the code address is 
added to the absolute base address of the new segments to get the 
nextcrinstruction pointer. The mark=stack register is then moved 
to the return controt register. 


If the segment number is zero» CALL multipties the code address 
by 36 and subtracts the product from the return controt register 
to get an index into stack. It then gets the segment nunber and 
code address from the stack (see LOAD ADDRESS for the format) and 
performs the actions described above for a nonzero segment 
nugber. 
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RETURN VALUE AND EXIT CRINV)D 


Format: 
i ea cal aia aati 
i | 1 
t- op code 1 
1111 000 010 1 
4 - % 4 
gre canna naema man | 
) A 
RTNY pops the TOS and saves the value which is on the TOS. A 


RETURN is performed and the saved vatue is pushed onto the stack. 


RETURN (RIND 


Format: 


pons snes nem | 


| 4 
4 op code 4 
§o111 090 011 3 
| 1 


pre sean woee ann | 


0 8 


The RETURN instruction uses the return control register to get 
the segment-retative address from the stack» brings in the prooer 


segment then sets the instruction address register 
Cnexntrinstruction peinter) to the absotute address of the next 
instruction. The T0S pointer is set to the contents of the. 


mark@-stack register» the MSR is toaded with the contents of the 
rightmost 18 bits of the TOS and the RCR is Loaded with the 
leftmost 18 bits of the TOS. 
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COMPARE PSRAMETER ATIRIGUTES (CPA) 


Syntax: CPA <no.w of parameters> <PARAM.1> <PARAM.2> wee <PARAM. N> 


Format: 

itt Chen! Coon too ot Coes 
| | 1 | | | : | 
i op code 4 number of 4 | 1 a | 
@ Gil OLL O1L 2 parameters 4 PARAM.~1L 4 PARAMe2 4 «oe 4 PARAM.N 8 
| ( | : 4 4 | | 
thon hott! CL Coe Poy ere) 
0) a9 16 17 20 21 24 


The CPA instruction tnsures that the parameters in the stack 

agree in number and type with those expected by the called. 
subprogram. Starting with the operand after the mark-stack words 

CPA checks the descriptors of all parameters passed on the stack 

against the types in the CPA instruction. If a non-match occurs 

or the number of parameters passed in the instruction disagrees 

with the number of parameters between the mark-stack and return 

controt words then a run-time error occurs. | 


Each parameter is assumed to occupy two words in the stack. 
if an. operand on the stack begins with a binary 10» (Cicer 


operand is an address)» then the next four bits of the stack 
operand are compared with the parameter tyoe found in the CPA 


instruction. If the parameter is an array and the CPA array bit 
is zero» then the parameters are considered matching and the 
array bit in the param@tdr description is set to zero. This 


facilitates passing subscripted arrays to scatars. 


When the code flag (sed Figure 37-1) is on in both the CPA and the 


parameters special checking occurs. Yf the type bits in a 
parameter descriptor are binary 10+ the parameter is considered 
to matchs in all other cases» the descriptor bits must match 
those of the CPA. A maximum of 255 parameter types may be 


specified. 
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MARK STACK (MKS) 


Format? 


Loo See eee ees 4 
4 I 
| Op code 4 
4 111 9000 £00 3 
| 4 
foes can meoo awe j 


Q . 8 


MKS concatenates the rightmost 18 bits of the return contro 
register with the rightmost 186 bits of the mark-stack register 
and pushes the resudt onto the stack. The mark-stack register 5 
set to the TOS pointer ard the TOS vointer is incremented. 


SPECIAL MARK STACK (SMNS) 


Format? 


J ese oman wane aws ] 
1 q 
1 op code 1 
#111 100 911 9 
j H 


jum emcee wanna | 


0 | 3 


SMKS ais used for invoking exponentiation and comptex arithmetic 
routines. Jt expects two arguments on the stack. SMKS moves 
them up and inserts an MKS operation. | 
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STATEMENT EUNCTION LINKAGE (SED 


Format: 

pre emwenmmama pecans nem aw we a mom j 
i | 4 4 
4 op cade i . 1 
#110 OOL O11 1 address ' 
I 1 1 
pr tere wmae afer awaennamanen aoname | 

0 8 9 26 


SF sets up finkage to a statement function» then transfers 
control. The statement function is not externat> the code 
address is a bit disptacement frow the program base. 


This is the same a5 cCalts except that the code address is 
current. The segment address is baserretative. 
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Misceiianeous 


MULTIPLY SY LITERAL ANG ADO CMLAD 


Format: 

q on em ay om ae Ay on om | a em a me mY 

4 4 . 1 

4 op code 4 4 

{ Lib OLL 100 3 Literat 4 

4 . | 1 

J meen nn ten men] semen ens eenemenman| 

0 8 9 26 
MLA is used to form an tndex into an array. For an array A 
dimensioned ACDie D2» D3raaeD) and referred to by 


ACS Le S29 S3xe00e5)% the general index is catcul ated by: 
($1 - £1) + 01052 = 1) * Diep2¢53 ~ 1) tenet DI*eDN2*D 3-22 DNC SN @- 1)- 


Of through ON are. emitted as diterats following the MLA 
instruction. The MLA instruction muttiplies the element on the 
TOS by the diterat passed in the instruction. The stack is. 
popped and the result created above is added to the new TOS. The 
total is pushed onto the stack. — 


DECREMENTTMULITELY“ADD PARAMETER COMAPD 


Format: 


fore sawn wna am | aaeheonmnanmoanm aaa | 


i 1 1 


4 op code i base i 

f 211 011 L01 # dispdacement 1 

‘ 1 { 

 Recledadetatetatetetatebated Reletetetebeabehetetetetehel | 

9 a 9 26 
DMAP is a specialized instruction used when variable dimensions 
have been passed to a subprogram. The cumutative dimension 
information cannot be given to the interpreter via atiterat (Cas 


in MLA). This information is catculated and stored relative to 
the latest RCW. ; 
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DMAP decrements (by 1) the vatue on the T05 and examines the 
contents of the stack word to which the given base-displacement 
points. Tf this word is a base-displacement address of a simple 
variables then the watue of this variable is placed on the stack. 
Tf the word ts a value» then it is placed on the stack. The | 
value of the word pointed to by the hase-displacement is then 
 pmuitiptied by the decremented variable. The stack is popped and 
the vatue on the T0S is added to the current totat. This sum is 
placed on the TQOS- 


Note: The vatue loaded by the base~displacement must not be 
double precision. ; 


DEPRESS IHE STACK ID MEMORY CDPRSD 


Format: 


{rer en a a i a ae | 


4 q 
i ap code 4 
4111 £00 101 48 
{ 4 
(fares eee se et 


9 3 


The DEPRESS oueeator insures that any occupied TOS registers are 
pushed down into memory. 


QUPLICATESONE CDUPI) and DUPLICATE=TWwO COUP2) 


Format: 


prs ee ame aman ; fc cr ran wren ana a { 


1 | i { 

q op code | ] op code ! 

Qo iit 101 100 4 4 $111 101 101 3 

1 ‘ 1 4 

(Sees a eee eee | [Seceen nen eae = 4 

0 | 3 0 8 
DUPIL DUP2 


OUP1 Cor DUP2) pushes onto the stack one (Cor twod value(s) ar 
address descriptor(s) which exactty dupticate(s) the one for two) 
item(s) currently at the top. Any combinations of single=word or 
double-word item(s) may be duplicated. 
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EXCHANGE CxChH) 


Format: 


fwme wane ae amamea {| 


a | op code 1 
1211 100 O01 1 
! { 
{awe ren eose nee |} 


s) 8 


XCH exchanges the top two items on the stack. These may bea 
singletword or double-word stack items. 


CHECK TYPE sent 


Format: 
i 1 q 
i op code 4 ' 
4 11 110 (00 iovariant i § 
q 4 | 
[Ae eee Aen SS Se a [aS eee an me 8 
) 8 9 10 
Yariant Type 
00 Int éger function 
0! Radi function 
10 Subtoutine 
11 Qouble precision function 


CKT requires that the first singtle-word item below the RCW be an 
integer vatuee The value is popped from the stack and reptaced 
by the RCH. The vaiue is compared with the type in the operator 
ande if they are not equate the program is haited and an “TNVALTIO 
SUBPROGRAM TYPE™ message is generated. 
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HARDWARE MONITOR CHMOND 


Format : 

J to meme wows ana] oacwmanana { 
i 1 1 
1 op code 1 monitor 4§ 
#1112 100 100 | vatue 4 
i . { i 
J me etme wen w nnn | mewn noon | 
0 3 9 16 


HMON outputs the eight-bit monitor vatue to the hardware monitor. 


SENSE SWITCH (S35) 


Format: 


{essen ee eee ee "4 
i { 
| op code i 
# i111 2110 101 1 
4 { 
leserniee eae sae 


0 B 


SSW loads program switches. 1 through # (not 0 or 9) from the run 
structure nucteuse as a 32=bit titerai» and pushes this onto the 
stack. 
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DESCRIPTIONS FOR 140 COMPILER QNLY 


Ald ainstructions in this section are avaitahbte in the [7/70 
conpiter onty» not in the standard compiter. 


COMMUNICATE (COMM <EIX-BIT>) 


Format: 
Pw nem wemannama | onmamanamea nm i 
| : ] t 
i op code 1 1 
@# £11 001 110 9 FIXLBIT @ 
i | 1 


Jf wenn war vanasaans acannon aann |] 


0 8 9 


COMMUNICATE toads the 48-bit RS-COMMUNICATE.“SG.PTR area of the 
run structure nucleus with an SOtietype descriptor indicatin 3 a 
fenjth of 120 bits and the absotute address of the message to be 
communicated before giving up controt to the MCP. 


The TOS must be the Fortran data address of the message. The 
address sust be a sigple Cone-word) address» not an array address 
descriptor. If FIXeBIT = le then the 247hit field at the message 
address + 72 «bits C€CI.2)9) is a right-justifieds, 18-bit, 
segmentrrelative data address (hase followed by disptacement). 
This address must be converted to a basesretative address and the 
indicated data seqment must be made present before controt is 
transferred to the MCP. 
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EXTRACT ELELQ (AXTRED 


Formats: 


{mem naman awe | sen sansa nana ananaan man saan uamanman | 


‘ 1 1 
! op code 1 fietd indicator | 
Po ill Of 141 1°90 = fraction 10 = type { 
i § O91 = exponent li = undefined 1 


1 an wama anaes nam | ne ae ne ewe an Danaea nanan snaunanoanme | 


XTRF extracts either the typer exponent or fraction (from areal 
value onty) field from a single-> or double-word ttem found on the 
TOS. The resultant value replaces the ortginat vatue on the 
Stack in integer format. The field to be isotated is indicated 
by the tworbit vatue of the field indicator. 


LOAD 8173 {£9082 


Format: 


Peta eae eee a 
1 | 
4 op code i 
#221 011 010 3 
( 1 


{ert ett emma wan | 


Q f 
LODB toads 0 to 33 bits from adata area to the TOS» in the forn 
of an integer. It axpects the fotlowing items on the stack: 
TOS An address which may be an array address. 
TOS-1 The address modifiers which is added to the above addréss 
as a bit displacement into the field. Tne modifier tay be 


negative. 


TOS“2 The length in tits (must be less than or equal to 33)5 to 
be loaded to the evaluation stack. 
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LOAD BYTE (4032 


Format: 


fcr ewww ams mae | 


i t 
a op code ! 
1 211 001 110 1 
| 4 
a da ead arias 
0 R 


LO8 toads eight hits from a data area to the TOS in the form of 
an integer. {ft expects the following items on the stack: 


TOS An address which may be an array address-e Currentty» this 
address may not be the address of a stack-relativer 
doubte-precisian iten», unless TOS-1 ts tess than 28. 


TOS"1 The address modifier» which ts added to the above address 
as a bit displacement into the field. The modifier may be 
negative. 


LOAD COMMUNICATE REPLY CLOCR) 


Format: | 
Jorcccranwnnnny 
1 { 
4 op code 1 

#111 100 000 3 

j | i 


§~ « coe nme ctaman | 


0 A 


LUCR loads the low-erder 36 bits of the run structure repty area 
to the TOS. 
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STORE BITS 4St08) 


Format: 


(See rS este eee 
j | 
’ op code 1 
~' Lit oo 111 «1 
’ . | 


a er aan me f 


8) A 
STOB expects four parameters on the stack: 


as An address (tase) of a data area. The address may be an 
array address which requires hounds checkinger tut it may 
not be the address of a stack-relativer doubterprecision 
item. 


TOSe1 An integer vatue which serves as an address modifier in 


TOS*2 An ‘integer vaiue which tetts how many bits (from the 
right) are to be stored. — “ 


TOS°3 <A vatuee part of which is to te stored into the program’s 
data area. The vatue may be either singte or double 
precision. 
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STORE CHARACTERS C3TE) 


Format: 
{ree ere mewn man | 
q 1 
4 op code t 


# twit tid 9021 14 
i i 


Reteltethethetaateded | 
0 R 
STC expects four items on the stack: 
as The base address of a storage field. 
TOS-1 A bit di spl acement into the fietd. 
Tas-2 =the dength Cin characters) of the field to te filled. 


TO5°3 A singte- or doubtlecword item containing the characters 
to store. 


If the tength of the fietd to be filled is greater than the 


number of characters givens the given characters are sorted 
cycticatly and repeatediy until the fietd is fitlded. In a 
Singlecword source (four characters)» the characters witt oe 


leftegustified in the ‘towrorder 32 bits. In a double-tength 
source word (eight characters)» the first four characters will be 
as in a singte-length ites and the second four witt be 
daft-justified in the towrorder 32 bits of the sacond 36 hits. 
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WRITE INTEGER DIGITS CWI) 


Format: 


Jen ewan maen aa } 


1 i 
4 op code ] 
# 1121 140 010 1 
i 1 


Joan ana mwes een 
9 a 

wid expects four items on the stack: 
TOS The base address of a storage field. 
TOS™1 A bit displacement into the field from the base. 
TOS*2 The tength Cin char acters) of the field to Fe filled. 
¥OS-3 A possibly extended) integer. 
It converts 105-3 fron binary to EBCDIC display characters and 


write the characters into the designated field» rightcjustified, 
and with zero fill. 
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DS 498 €905) 


Format: 


{rts meme mnwwaan 


a 1 
| op code | 
# £121 110 910 1 
{ { 


grr amon wwe j 
0 R 
QOS expects three itews on the stack: 


TOS Base-displacement data address pointing to "DS" or *DP” 
error message. 


TOS1 Message @ength in bytes 
TOS<2 COMMUNICATE verb Catways 29) 


Q0$ causes a COMMUNICATE verb to be issued» causing the job to be 
discontinued and the soecifited error message to be displayed. 
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ABSOLUTE VALUE (CASS) 4-7 

ADD CADDO? 4-7 

Address Formats 3-1 

AND 4-14 | 

AND CAND) and OR COR) 4-14, 

ARITHMETIC IF CAIF) 4-11 

Arithmetic Operators 4-7 

Array Address 572 

ARRAY BOUNDS 275 

ARRAY LOAD ADDRESS CALAD 4-20 

ARRAY LOAD VALUE CALY) 4-20 

Branching Operators 4°1L 

CHECK FYPE €CKT) 4-31 

Code Address 3<3 

COMMUNICATE (COMM <FIX.BIT>)d 4~33 
COMPARE PARAMETER ATTRIBUTES (CPA) 4-26 
COMPLEMENT CNOT) 4-14 

COMPUTED GO TO (CGO) 4-tl 

CONSTRUCT ARRAY DESCRIPTOR CCAD) (42 
CONSTRUCT STACK RELATIVE POINTER CCSPP) 4-21 
DECREMENT“MULITTPLY- ADD PARAMETER COMAP) 4°29 
DEFINITIONS AND ABBREVIATIONS 1-2 
DEPRESS THE STACK TO MEMORY COPRS) 4°30 
DESCRIPTIONS 4-7 

DESCRIPTIONS FOR I70 COMPILER ONLY 4°33 
DIVIDE cOtv) 4-7 

DOUBLE C(CDBLE) 4-8 

Double Precistan 375 

DS JOB ¢€QDS) 4~39 a 

DOUPLICATE-ONE CDUPI1) 4-30 

DUPLICATE“ONE (DOUP1L) and DUPLICATE-*TWO COUP2) 4-30 
DUPLICATE*TWO (CDUP2) 4~30 

DYNAMIC BRANCH (DBCH) 4-12 

EQUAL CEQ) G15 . 

EXCHANGE (XCH) 4-31 

EXTRACT FIELD CXTRF) - 4-34 

Figure 1-13 Typical Memory Layout 1-2 
Figure 2-1: Addressing Methods 2e2 
Figure 3°13: Stack [tem Prefix toa | 

FIX (FIX) 4-3 

FLOAT CFLOAT) 4°79 

FORMATS 3-1 

FORTRAN ADORESSING en 

FORTRAN STACK 22 
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GOTO CGOTO <CODE ADDRESS>) 4-12 
GREATER THAN (GT) 4-15 

GREATER THAN OR EQUAL (GE) 4-15 
HARDWARE MONITOR CHMON) 4-32 
Integer 3s74 . 

INTRODUCTION 1-1 

Iten t-2 

LESS THAN (LT) 4-15 

LESS THAN OR EQUAL (CLE) els 
LISTING BY INSTRUCTION 4-1 

LISTING BY MNEMONIC 4-3 

LISTING BY OPERATION-“CODE VALUE 4-5 
LOAD ADDRESS CLA) 4-18 
LOAD BITS (L009) 4-34 

LOAD BYTE (LDA) 4°35 

LOAD COMMUNICATE REPLY CLOCR) 4-35 
Load Operators 4-18 

LOAD SINGLE PRECISION LITERAL (LIT) 4-22 
LOAD SMALL INTEGER (LSI) 4-22 

LOAD VALUE (CL¥)D 4-19 

Logical Operators 4-14 

MAK TWO CMAK2) 4-723 

MARK STACK CMKS) 427. 

Mark-Stack Address 3-3 . 
Mark-Stack Register L-25 2-4 
mark-stack word 1-2 

MAXIMUM CMAX) 4-9 

MINIMUM CMIN)D 4-10 

Miscellaneous 4-29 

MOVE (MOVE) a-17 

MSR 1-2 

MS i 1-2 

MULTIPLY (MUL) 4~7 / 

MULTIPLY BY LITERAL AND ADD CMLA) 4-29 
NEGATE (NEG) 4-10 | 


Nextrinstruction Pointer i-2 
Nine-Bit Operation Codes Ao 5 
NIP 1-2 


NOT EQUAL (NED 415 
OPERAND FORMATS 3-6 

OR 4-14. 

PARAMETER PASSING 274 
PRIVILEGED INSTRUCTIONS 1-3 
PROGRAM PARAMETERS 2-1 


RCR i-2 
RCW 1°2 
Real 374 


Relational Operators 4"15 
RETURN CRIN) 4-25 
Return Control Address 3-3 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 
Return Control Register i- 
return controt word 1-2 
RETURN VALUE AND EX£T CRINV) 
S“INSTRUCTION FORMATS 3° 
S“ INSTRUCTIONS 4-1 
SENSE SWITCH (SSW) 4-32 
Simple Variable Address 
SPECTAL MARK STACK (5MK5S) 
STACK FORMAT 3~1 


STACK OVERFLOW-UNDERFLOW MANAGEMENT | 
3-2 


Stack-Relative Address 
STATEMENT FUNCTION LINKAGE C€ 
STORE BITS (STOB) 4-36 
STORE CHARACTERS CSTC) 
STORE DESTRUCTIVE CSTO) 4- 
STORE NONDESTRUCTIVE C(STND) 
Store Operators 4-16 
STRUCTURE 2-1 
SUBROUTINE CALL CCALL)D 
Subroutine Cait Operators 
SUBROUTINE LINKAGE 273 
SUBTRACT (SUB) 4-7 
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ce 27h 


h-25 


3-2 
4-27 


2-5 


SF) 4-28 


4°37 


16 
416 


&=24 
4-24 


2-1 


Table 2-13 Unique Fortran Parameters 


Tabie 3°1a2 Operands List 376 

Table 3-1b: Descriptor Bits 3-6 

Tabie 4°13: SsInstructions Listed by Instruction Name 4-2 
Table 4°23 S-Instructions Listed by Mnemonics anh 


Table 
Table 


43a: Swinstructions Listed by Op codes (Three Sits) 
4-3b: S-Instructions Listed by Op Codes (Nine 8its) 
Table 4°42 Modes of Arithmetic Results 4°78 
Table 4°52 Assignment Rules for STD and STND 
Three-8it Operation Codes 4-5 

TOP “OF “STACK 1-2 

TOP “OF “STACK=MINUS=ONE 
TOS 1-2 

TOSM1 1-2 . 
Vninitiatized 3°5 
VALUE FORMATS 3-35 
Hor d 1-2 

WRITE INTEGER OLGITS CwIDd) 


4= 16 
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